Offshore wind farms (OWFs) are being constructed at a high rate due to a high demand, both economically and politically, for sources of renewable energy. We investigated the short-term and long-term effects of an OWF situated in the North Sea off western Denmark (Horn Rev I; global position: 7.84°E, 55.48°N) on 3 ecologically important species of sandeel. Since sandeels display a distinct preference for sand habitats with a weight fraction of silt+clay < 2%, we expected changes in habitat quality to provide a causal explanation for the potential effect of the OWF on the sandeel community. A Before-After-Control-Impact (BACI) analysis was applied. A baseline survey from March 2002 (prior to construction) was combined with surveys conducted in March 2004 (short-term effects) and March 2010 (long-term effects) plus an additional survey in September 2009. Sandeels were collected using a modified scallop dredge and sediment samples using a van Veen grab. The results from an analysis on all species combined revealed a positive short-term effect on the densities of both juveniles and adults, which was consistent with a reduction in the fraction of silt+clay. In the long term, a negative effect on juveniles was found; however, this effect was neither consistent with the additional survey in 2009 nor the silt+clay fraction. Subsequent analysis at the species level revealed that the effects detected were driven by Hyperoplus lanceolatus, which dominated the study area in all years. Habitat quality was high in both the affected and control area throughout the study period.
INTRODUCTION
The multitude of human activities in the world's seas has caused global concerns regarding the state of marine ecosystems, resulting in a rapid evolution towards ecosystem-based management of maritime sectors as well as an integrated spatial approach to planning and management of activities at sea. Ambitious targets for development of renewable energy sources have in recent years been one of the main drivers of this evolution. Our study is concerned with offshore wind farms (OWFs), which are increasing rapidly in numbers and size. OWFs differ from many other maritime activities as it has been hypothesized that they could induce positive effects on the marine ecosystem (e.g. Côté et al. 2001 , Petersen & Malm 2006 , Reubens et al. 2011 . Nevertheless, peerreviewed scientific documentation of the effects of OWF development on the aquatic fauna is rare (Wahlberg & Westerberg 2005 , Wilhelmsson et al. 2006 , Wilhelmsson & Malm 2008 , Andersson & Öhmann 2010 , Lindeboom et al. 2011 .
OWFs may induce positive ecosystem effects for 2 reasons. (1) Fishing is usually prohibited within the OWF and in the adjacent exclusion zone, i.e. OWFs acting as de facto marine reserves. (2) The founda-tions of the turbines are often secured with boulders on the surrounding seabed. These may act as artificial reefs which have been demonstrated to enhance local species diversity and in a few cases also biomass production (Randall 1963 , Davis et al. 1982 , Ambrose & Anderson 1990 , Coleman & Connell 2001 , Gray 2006 , Arena et al. 2007 ).
However, existing and planned OWFs in the North Sea are located on sandy bottoms that are inhabited by a species community very different from that of boulder reefs. A full understanding of the potential ecological consequences of building OWFs in the North Sea therefore requires knowledge of not only the artificial reef effect, but also of the effects on the sand habitats and their inhabitants (e.g. Davis et al. 1982 , Ambrose & Anderson 1990 .
Rather than attempting to analyse the effects on the sand-bottom community as a whole (molluscs, annelids, fish etc.), the focal point of this study will be on the semi-pelagic and sand-dwelling sandeel.
Sandeels comprise of a group of phylogenetically related fish species that, due to their vast numbers and high oil content, play a key role in the North Sea. Sandeels are important prey for a number of predators including fish, seabirds and marine mammals, and constitute the basis for a large-scale fishery producing raw material for the fish meal and oil industry (e.g. Robards 2000 , Furness 2002 , Frederiksen et al. 2005 , MacLeod et al. 2007 , Dankel et al. 2008 , Sharples et al. 2009 , Jensen et al. 2011 . During the growth season (spring and early summer), sandeels feed in the water column during the day and bury themselves into the sand during the night in habitats consisting of well-oxygenated sand, preferably with a weight fraction of silt+clay < 2% (Winslade 1974 , Jensen 2001 , Wright et al. 2000 , van Deurs et al. 2011 . Outside the growth season, sandeels rarely leave their refuge in the sand (e.g. Winslade 1974 , Wright et al. 2000 , Høines & Bergstad 2001 , van Deurs et al. 2010 . During spawning, eggs adhere to the substrate and hatched larvae are dispersed by currents until metamorphosis (Jensen et al. 2003) . The most studied species, the lesser sandeel Ammodytes marinus, is transported over considerable distances from hatch sites by ocean currents during the larval phase. At spawning banks close to the study site, larval transport is estimated to be between 50 and 100 km (Christensen et al. 2008) . After metamorphosis, juveniles settle in suitable habitats, with a low silt+clay weight fraction and of intermediate depth (Wright et al. 2000 , Jensen 2001 ), after which they show high bank fidelity, i.e. possibly with some redistribution but with no indication of migration outside their 'home sand bank' (Jensen et al. 2011 ). These attributes have contributed to the recent nomination of the sandeel as a candidate indicator species of the health of the North Sea Ecosystem (Rogers et al. 2010) .
Sandeel behaviour and its relevance as an ecosystem health indicator, viewed within the context of an increasing number of OWFs in the North Sea, emphasizes the importance of asking: What effects does the construction of OWFs have on sandeel densities? Since large advective and diffusive processes are expected to influence larval drift of all sandeel species, the important processes within the present context are habitat choice in relation to settling after metamorphosis as well as adult redistribution (Holland et al. 2005) . Additionally, since sandeels display a distinct preference for sand habitats with a low content of silt+clay, OWF-induced changes in habitat quality may provide the causal explanation for any change in sandeel densities that may occur in the post-construction phase.
Here we approached this question by using a BACI approach (Before-After-Control-Impact) to examine the effect of the OWF, named Horns Rev I, on (1) densities of 3 species of sandeel (Ammodytes marinus, A. tobianus and Hyperoplus lanceolatus) and (2) sand habitat quality (weight fraction of silt+clay in the sediment). Horns Rev I is a medium-large OWF constructed in 2002 to 2003 on a sand bank 15 km off western Denmark in the North Sea. To satisfy the BACI design, data was collected before and after construction of Horns Rev I, both inside the affected area and from a closely situated control area. Since wave action at the shallow water depths and strong tidal currents off the SW Jutland coast (Huess 2001) influence sediment transport and local topography (Andersen 1999 , Larsen 2003 , no assumptions of fixed station effects were made, and instead, a randomised sampling design within impact and control areas was chosen among years.
MATERIALS AND METHODS

Surveys, selection of sampling positions, and sampling frequency
The study area is dominated by sand and relatively shallow depths (10 to 20m) influenced by waves and tidal water movements. The construction of the OWF called Horns Rev I began in March 2002 and was completed in early 2003. The OWF covers 27.5 km 2 and its 80 turbines stand 560 m apart in a regular grid formation ( Fig. 1 ). Data for a BACI (Before-After-Control-Impact) analysis were collected during daytime surveys (08:00 am to 06:00 pm) in the impact area and a control area located ~3 km northwest of the OWF. Surveys were carried out between 8 and 14 March in 2002 (before construction), 2004 (1 yr after construction: short-term effects) and 2010 (7 yr after construction: long-term effects).
Random selection of sampling position was based on 63 positions defined in a grid in the impact area and 9 positions in the control area ( Fig. 1) . In 2002, a total of 9 sampling positions from the impact area and 3 from the control area were randomly selected from the respective grids. We revisited 5 out of the 9 positions visited in the impact area in 2002 and all 3 posi-tions in the control area in 2004 and 2010 (randomly selected). In addition, 3 new grid positions from the impact area and 2 and 4 new grid positions from the control area were randomly selected. During all surveys, 3 to 5 sandeel samples and 1 to 5 sediment samples were taken at each selected sampling position (Table 1 ). Details about the sampling technique 'Sand eel sampling method'.
Sandeel catch rates were very low in the original March 2010 survey. A supplementary survey was therefore carried out 10 d later (March 22 to 23). During this additional March survey, 4 positions each from the impact and control area were randomly selected among the positions in the original March 2010 survey (Table 1) . No sediment samples were taken during this survey.
In addition to the daytime March surveys, which was intended to collect data for the BACI analysis, an opportunity to conduct a bonus survey arose in September 2009 (Sept 8 to 10). This survey visited the same positions as in the supplementary 2010 survey, but each position was visited twice, once during the day (08:30 to 14:00 h) and once during the night (22:00 to 05:30) ( Table 2) . Sandeel data and sediment data from this survey were analysed separately and served 2 purposes: (1) validation of the strength of conclusions made regarding the long-term effect of the OWF and (2) validation of the assumption that any observed difference in catch rates between impact and control was not biased by interacting diurnal effects (see section on sandeel sampling).
Sandeel sampling method
A 1.25 m wide modified scallop dredge (ICES 2010) towed behind a research vessel was used to sample sandeels hidden in the sand (between 08:00 and 18:00 h). Each replicate dredge sample represented a 10 min haul covering a mean distance of 800 m on a straight line (as indicated in Fig. 1b ). Sampling alternated between the impact area and the control area to avoid the influence of potential daytime effects on sandeel catchability. Dredging has previously provided precise measurements of relative densities of sandeels in the seabed (Jensen 2001 , van der Kooij et al. 2008 ). As March is outside the main feeding period of sandeels in the North Sea (e.g. Winslade 1974 , Wright et al. 2000 , Høines & Bergstad 2001 , Greenstreet et al. 2006 , we assumed that the bulk of the sandeel population would reside in the seabed during the day. Sampling at night was not an option due to difficulty of maneuvering between the tur- the grids from which sampling positions were selected (1 to 9 in the control area (C) and 1 to 63 in the impact area (I)). As illustrated by transect lines across Sample Position 3, 3 to 5 replicate sandeel hauls were carried out at each selected sample position. The center coordinates of the impact and control area are 7.84°E to 55.48°N and 7.76°E to 55.51°N respectively bines in the dark during harsh weather. The September 2009 survey was, however, an exception as calm weather allowed us to carry out planned nighttime sampling. All dredged sandeels were frozen for the later laboratory analysis, where they were identified to spe-cies, counted, and the weight (g) and length (mm) of the individuals were measured. Sandeel species were identified using the criterion given in Table 3 . Aging, based on otoliths, was considered to be largely uncertain, as this method has only previously been practiced on Ammodytes marinus. Instead we Table 1 . Samples collected in the impact area (I) and in a control area (C) for the BACI analysis. Identification numbers of positions (Pos ID) correspond to Fig. 1 I  3  0  0  0  6  0  1  1  Original  14  I  3  0  0  4  1  0  0  2  survey  19  I  3  0  0  3  3  0  0  2  33  I  3  2  0  0  0  0  0  1  38  I  3  0  0  2  0  0  0  2  45  I  3  0  0  4  1  0  0  1  57  I  3  0  0 
decided on a crude ontogenetic classification, where juvenile sandeels were defined as individuals <10 cm and adults as >10 cm. The exact haul distance (HD) (m) for each sample was calculated using the following equation:
LONG end , LONG start , LAT end , and LAT start are the longitude and latitude (as decimal values) for the start and end positions of the haul.
Sediment sampling method
Sediment samples were taken by means of a 0.2 m 2 van Veen grab. Grab samples are point samples, and may therefore not represent the sediment composition along the entire haul track that makes up the sandeel sample. Each sediment samples were emptied into a plastic container and a subsample of ~5 kg of the total sample was taken. The sediment samples were dried for 24 h at 100°C and homogenized afterwards. A subsample (100 to 140 g) was sieved through a standard Wentworth series of sieves ranging from 2000 to 63 μm mesh, with the aid of a mechanical shaker. The sieve analyses were carried out by the Geological Survey of Denmark and Greenland (GEUS) following the standard DS 405.9. Finally, the weight fraction (%) of silt+clay (particles < 0.09 mm) in each sediment sample (weight fraction of particles < 0.09 divided by the weight fraction of particles > 0.09 multiplied by 100%) was calculated.
Statistical model
The following null hypothesis was tested: the OWF has neither short-term nor long-term effects on sandeel densities and habitat quality within the impact area. Testing of the null hypothesis was carried by testing for significant cross effects between Reay (1970 , 1973 , Reay et al. 1986 ) and Macer (1966) Control-Impact and Before-After (Smith 2002) . In other words, we looked for temporal changes that occur asynchronously between impact and control area. Temporal changes occurring synchronously in the impact and control area are assumed to be independent of the OWF. Regarding sandeel densities, the null hypothesis was tested using the following negative binomial model, incorporating random effects of sampling position (Pos) and survey (Surv) and a fixed effect of HD:
Model 1 η is the number of fish in the sample (or the number of adults or juveniles of a certain species). BA has 2 levels representing 'Before' and 'After' construction of the OWF. Data from 2002 always represented 'Before', whereas 'After' was represented by data from 2004 in the case of short-term effects and 2010 in the case of long-term long-term effects. CI also has 2 levels representing the control area and impact area. BA × CI represents the cross effect of BA and CI, and is the primary target of the test. The random position effect was included to minimize the risk of introducing a bias caused by spatial patterns in sandeel densities. The random survey effect was included solely to allow inclusion of data from the supplementary 2010 survey.
The null hypothesis concerning habitat quality was tested using the following logistic regression:
Model 2
where P is the probability of finding silt+clay in the sample (~weight fraction of silt+clay). Note that a positive effect of BA × CI on the weight fraction of silt+clay is expected to have a potential negative effect on sandeel densities, as a higher silt+clay fraction suggests a degradation of the habitat quality (Wright et al. 2000 , Jensen 2001 ).
To maintain a common statistical framework throughout the study, data collected during the September 2009 survey was also analysed using the models described above. Except for sandeel data the Before-After term (BA) was replaced by a Day-Night term, and for sediment data both BA and the cross effect (BA × CI) was left out.
The threshold for rejection of the null hypothesis was defined as p = 0.05. We distinguished between significant (*: 0.05 > p > 0.01), very significant (**: 0.01 > p > 0.001), and highly significant (***: p < 0.001). The glmm.admb and glm packages in R software (Anonymous 2007) were used to implement the statistical models. P-values were generated using a maximum likelihood ratio test.
RESULTS
Effects on sandeel densities
A significant positive short-term effect of the OWF on both juvenile and adult sandeel densities and a significant negative long-term effect on only juvenile sandeel densities was found. These findings followed from significant cross effects, denoted BA × CI in the statistical model (Fig. 2) (1 sample = 10 min dredge haul; means ± SE) for impact area (d) and control area (d s) (the statistical model is described in 'Materials and methods'). The number of asterisks refers to the level of significance in the cross effect of Before-After and Impact-Control (BA × CI ) (*: 0.05 > p > 0.01; **: 0.01 > p > 0.001; ***: p < 0.001). Whether the effect was negative or positive is shown in parentheses solely by Hyperoplus lanceolatus (Table 4 , test nos. 5 to 10), which was the most abundant of the 3 species in all years. Densities of H. lanceolatus increased in the impact area in 2004 and decreased in 2010 to a level well below that of 2002, whereas H. lanceolatus in the control area showed a more stable moderate decline throughout the study period. Ammo dytes tobianus and A. marinus fol-lowed a declining pattern throughout the study period that was similar in both the impact area and control area, with A. marinus showing the steepest decline (Fig. 3) . Al together 1236 sandeels were caught during the March surveys comprising the BACI analysis (Table 1) .
Effects on sediment (habitat quality)
Only a positive short-term effect of the OWF on habitat quality was found (Fig. 4) . This finding followed from a significant negative effect of BA × CI on the weight fraction of silt+clay (Table 4 , test no. 11), which arose from an increase of silt+clay in the control area rather than a decrease in the impact area. In the long-term (between 2002 and 2010), the weight fraction of silt+clay declined in both the impact area and control area. In general, the silt+clay weight fraction varied little among samples both within and between survey years. The mean silt+clay weight fraction was below 1.2% in all years in both the impact area and control, and the highest weight fraction observed in a sample was 1.8% (from the impact area in 2002) (Fig. 5) .
September 2009 survey
Samples taken at night contained highly significantly more sandeels (approx. 3 times as many) than Materials and methods' ). The number of asterisks refers to the level of significance in the cross effect of Before-After and Impact-Control (BA × CI ) (*: 0.05 > p > 0.01; **: 0.01 > p > 0.001; ***: p < 0.001). Whether the effect was negative or positive is shown in parentheses those taken during the day (p < 0.001). However, overall sandeel densities did not differ significantly between the impact area and the control area (p = 0.87) and there was no significant cross effect between Night-Day and Control-Impact (p = 0.24) (Fig. 6 ). Daytime sandeel densities were considerably higher than what was found 6 mo later during the March 2010 surveys but comparable to densities encountered during the earlier March surveys. There was no significant difference in the silt+clay weight fraction between the impact area and control area (p = 0.70), and the silt+clay weight fraction was comparable to that of the 3 March surveys (Fig. 5) . Altogether, 1503 sandeels were caught during the 2009 survey (Table 2) .
DISCUSSION
The BACI analysis on all species combined revealed a positive short-term effect (1 yr after construction) on the densities of both juvenile and adult sandeels, which was consistent with a reduction in the silt+clay weight fraction in the sediment (improving habitat quality). In the long-term (7 yr afterconstruction), a negative effect on juvenile sandeels was suggested by parts of the data (March 2010) which, however, could not be explained by degradation of habitat quality. The picture was not consistent with what was observed just 6 mo earlier during an additional September 2009 survey, when no difference between impact and control was detected. Analysis at the species level revealed that the effects were reflected only in Hyperoplus lanceolatus, which greatly dominated the study area in all survey years. Ammodytes tobianus and A. marinus were less abundant and there were no differences between impact and control area. A. marinus became exceedingly less common over the course of the study period without any obvious explanation. Hence, we suggest that the presence of A. marinus in the study area depends on an occasional influx of larvae from offshore regions where A. marinus is the dominant sandeel species, and that the study area therefore is a sink rather than a source for A. marinus.
Overall, catch rates of sandeels in the present study resembled catch rates experienced during the annual 176 Fig. 4 . BACI analysis of habitat quality. (a) Short-term effects and (b) Long-term effects. Graphs are model estimates of the silt+clay weight fraction (means ± SE) for impact area (d) and control area (d s) (the model is described in 'Materials and methods'). The number of asterisks refers to the level of significance in the cross effect of Before-After and Impact-Control (BA × CI ) (*: 0.05 > p > 0.01; **: 0.01 > p > 0.001; ***: p < 0.001). Whether the effect was negative or positive is shown in parentheses. A negative effect on the fraction of silt+clay corresponds to a positive effect on habitat quality N) and Control-Impact on sandeel densities (all species combined). y-axis: numbers of sandeels per m 2 dredged, calculated as total number of sandeels in a given sample divided by the swept area (haul distance × dredge width). Small dot = 1 sample = 10 min dredge haul. Large dot = median value. There were no significant effects. (b) Weight fraction of silt+clay (mean ± SE) for the impact area (I) and control area (C) respectively sandeel survey (using a identical sandeel dredge) in the shallow coastal parts of the eastern North Sea (ICES 2012). However, dredge catch rates on the main fishing grounds of Dogger Bank are usually in the order of 10 times higher (van der Kooij et al. 2008 , ICES 2012 . Lindeboom et al. (2011) studied the short-term effects on sandeels of an OWF located in the Dutch coastal zone ~500 km southwest of Horns Rev I. Their findings on the effects on sandeel densities are in line with our results, indicating that construction of OWFs may have a positive short-term effect on sandeel densities in the impact area. Lindeboom et al. (2011) found Ammodytes tobianus and A. marinus to be the dominant fish species 1 yr after the construction phase, whereas in the present study Hyperoplus lanceolatus were encountered more frequently. Lindeboom et al. (2011) did not address long-term effects.
Numerous studies have shown that sandeels have a particular preference in regard to grain size composition , Pinto et al. 1984 , Wright et al. 2000 , Jensen 2001 , Holland et al. 2005 . Holland et al. (2005) concluded that a weight fraction of 6% silt+clay in the sediment is the upper limit tolerated by sandeels. Wright et al. (2000) found that Ammodytes marinus densities were relatively lower in areas where the silt+clay weight fraction ranged from 2 to 10% than in areas where the weight fraction was < 2%. Pearson et al. (1984) and Pinto et al. (1984) argued that differences in sediment preference between different species of sandeel were minimal. In summary, the aforementioned studies strongly suggest that the silt+clay weight fraction in the sediment provides a strong indicator of sandeel habitat quality.
In relation to the present study, the silt+clay weight fraction in the sediment was not found to be >1.8% in any single sample, suggesting high quality habitat in both the impact area and control area throughout the study period. Hence, we speculate whether the concurrence of a positive short-term effect on sandeel densities and a small increase in silt+clay may merely be coincidental. That the positive effect on sandeel densities was limited to 1 out of the 3 sandeel species, together with the absence of any relationship between the negative long-term effect on juvenile Hyperoplus lanceolatus and habitat quality, adds to this notion.
Alternative explanations for the observed effects on sandeel densities may involve temporary shifts in predator abundance and patchy sandeel distribution.
Previous studies have indicated a period of 3 to 5 yr for stable fish communities to establish after intense disturbance of the existing habitats or introduction of a new habitat (Gray 2006 , Petersen & Malm 2006 . If abundance of piscivorous fish, such as larger gadoids, declined temporarily after the construction phase and returned in greater numbers 3 to 5 yr later, this could explain the observed effects of the OWF on sandeel densities. However, results from a study conducted in parallel to the present study contradict this explanation (Stenberg et al. unpubl., National Institute of Aquatic Resources, Denmark) .
Sandeels are also an important food source for sea birds (Rindorf et al. 2000) and seals (Furness 2002) . A bird survey of the Horns Rev area (Petersen 2005) concluded that of the piscivorous birds present, divers Gavia sp. and razorbill Alca torda showed an increased avoidance of the OWF area. Conversely, herring gull Larus argentatus, little gull Hydrocoloeus minutus and common tern Sterna hirundo exhibited an increased preference for the OWF area. Herring gulls were the most abundant piscivorous bird species present, and may use the turbines as loafing structures. Herring gulls are not capable of plunge diving and feed mainly on fish available directly at the surface. Hence, in order for herring gulls to pose a threat, other predators must drive the sandeels up from below. Such a predator could, for example, be the harbour seal, which is known to frequent the area (Taugaard et al. 2006 ). The possibility of these kinds of complex interactions between predatory species and the decreased sandeel densities found in March 7 yr after construction, invites further studies.
Lastly, small-scale patchiness of sandeel distribution, attributed to factors other than habitat quality, could have resulted in differences between the impact and control area and thereby created the illusion of an OWF effect. It is possible that the negative long-term effect, which was isolated to juvenile Hyperoplus lanceolatus in March 2010, is caused by small scale patchiness in local recruitment patterns. This would also explain why there was no difference between the impact and control area in September 2009, where recruitment of young-of-the-year H. lanceolatus would still not have taken place (Macer 1966 , Reay 1970 . In retrospect, this type of uncertainty may have been avoided if a second control area east of the impact area had been included.
Several authors have argued that OWFs have potential positive impacts on the local ecosystem due to artificial reef effects and the closure of commercial fishing as in marine protected areas (MPAs) (e.g. Côté et al. 2001 , Petersen & Malm 2006 , Reubens et al. 2011 , Fenberg et al. 2012 . A poten-tial positive MPA-effect seems likely in relation to the sand-dwelling sandeel, and the establishment of MPAs has previously been suggested as a management tool in relation to sandeels in the North Sea (Christensen et al. 2009 ). According to Vessel Monitoring System (VMS) data generated from the area, commercial fishing for sandeels in 2009 and 2003 occurred in close proximity to the boundaries of Horns Rev I (see Fig. 7 ). However, fishing activity in the control area was low, which may have prevented us from detecting a potential MPA-effect (see Bastardie et al. 2010 for details on the use of VMS data). Another expla nation for this may be that the home range of sand eels in the present study area is considerably larger than the size of Horns Rev I plus control area, and sandeels therefore freely move between the impact area and the control area (Kramer & Chapman 1999 , Engelhard et al. 2008 . The home range of Ammo dytes marinus on some of the more isolated banks in deeper water further offshore is likely to be considerably smaller than in shallow coastal areas with high habitat connectivity (Jensen et al. 2011) . We therefore cannot exclude the possibility that, given the OWF is large enough and built in a suitable location, it may serve as a MPA. Further more, it cannot be ruled out that closures of areas that would otherwise have been fished might provide sites for undisturbed spawning, which in turn may provide benefits (i.e. reserve effects) for sandeel populations beyond the local scale through long distance drifting of the larvae (especially for Hyperoplus lan ceolatus, which spawns during summer when fishing takes place).
EU's Marine Strategy Framework Directive (MSFD) aims to achieve 'good environmental status' (GES) for European seas by 2020 (Rogers et al. 2010 ). The MSFD focuses on 11 qualitative descriptors, of which at least 4 have direct or indirect relevance to sandeels and their habitats and which may be sensitive to inappropriate siting of offshore installations such as OWFs. Furthermore, the EU's Maritime Policy calls for an ecosystem approach to integrated planning of maritime activities, which aims for sustainable growth of maritime activities while ensuring that these activities develop in a way that does not threaten marine ecosystem health. Given the increasing rate and scale of OWF development in the North Sea, the methods and results of our study may serve as a contribution to informed decision-making regarding the short-term and long-term impacts related to OWF development in the North Sea.
In conclusion, the present study shows that, within a time window of 7 yr after construction, the OWF represents neither a direct benefit nor a definite threat to sandeels and their sand habitat. However, (1) we failed to explain why reduced sandeel densities was observed in the impact area in March 2010, but not in September 2009; (2) the conclusions were mainly driven by Hyperoplus lanceolatus, which dominated the near-shore study area. Sand banks further offshore (i.e. Dogger Bank) possess higher densities of sandeels, and mainly of the species Ammodytes marinus (ICES 2012), which differ from H. lanceolatus on several aspects (Macer 1966 , Reay 1970 . Consequently, the conclusion drawn from the present study may not be directly applicable to OWFs built in densely populated offshore areas such as Dogger Bank. Lastly, we do not know what will happen 10, 20 or 50 yr into the future.
Having said that, we still suggest that these results, combined with the results from other recent studies (e.g. Lindeboom et al. 2011) , represent the beginning of a much needed knowledge base required for informed decision-making regarding placement of OWFs and their effects on the marine environment. At the moment this knowledge base is in particular need of studies addressing effects that take place over periods of 10 to 20 yr from the time of construction. 
